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PROPORTIONAL PUMP SYSTEM FOR 
VISCOUS FLUIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is based on US. provisional 
application Ser. No. 60/055,651 ?led Aug. 14, 1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to proportional pump sys 
tems for metering viscous ?uids and, more particularly, to an 
improved proportional pumping system that provides for the 
mixing and dispensing of tWo or more ?uids in a prescribed 
mix ratio until a batch or steady state rate is attained, 
regardless of changes in system ?uid characteristics. 

2. Description of the Background 
The problem of mixing and dispensing ?uids While main 

taining precise volumetric ratios of one ?uid to another 
throughout the mixing/dispensing process arises in the con 
text of many industrial applications. Speci?cally, there are 
applications in the ?elds of resin preparation and dispensing, 
soft drink dispensing, paint formulation, and liquid 
chromatography, to name only a feW. The required propor 
tions in mixing systems vary greatly depending upon the 
particular industrial application, as does the need for accu 
racy. In current viscous ?uid mixing apparatus, particular 
variations in mix accuracy can range anyWhere from 0.5% 
to 1.0%, depending upon the industrial application. Where 
large volumes of product are at stake, any lapses in mix 
accuracy can result in large amounts of Wasted product and 
high economic losses. Whether the industrial application is 
for the mixing of food products, construction products, 
pharmaceutical products, or any other industrial mixing 
requirement, maintaining accurate proportions is an eco 
nomic necessity. 

There are a variety of commercial mixing systems, and 
many factors should be considered When selecting the best 
for a particular application. For example, the mixing system 
should be matched to the expected range of ?oW rates, e.g., 
is the system con?gured for ?lling a ?ve gallon pail or a 
5,000 gallon tank? The system should also be able to adjust 
?oW rates When neW or unusual conditions are encountered 
in the pumping system. Often times, a change in in?uent 
properties Will change the ef?uent quality of the mix. 
Because the overall performance of a mixing system is 
ordinarily measured in terms of the ef?uent quality, Which in 
turn must be consistent With the user’s ef?uent discharge 
requirements, it is imperative that mixing systems be able to 
quickly adapt to system changes so that the required ef?uent 
quality may be maintained. 

Proportional pumping systems have long attempted to 
provide for the automatic adjustment of ?uid ?oWs in order 
to maintain a proper proportional ?oW betWeen the ?uids 
being mixed. Unfortunately, the prior art devices have been 
unable to achieve the desired level of accuracy in precision 
mixing and dispensing of highly viscous ?uids at large ?oW 
rates. One recurring shortcoming lies in achieving the nec 
essary accuracy in ?oW measurements for highly viscous 
?uids, due to variations in the absolute and relative pressures 
of the various system ?uids during the dispensing operation. 
Changes in ?uid pressure alter the ?uid ?oW rates individu 
ally and With respect to one another, thus changing the ratio 
of ?uids in the ?nal mix. Some ?uid mixing systems have 
attempted to compensate for these pressure changes through 
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2 
manual adjustment of varied ?oW control apparatus, requir 
ing an operator to vigilantly guard the various ?oWs so that 
manual adjustments may be made as needed. Other prior art 
devices have used ?oW restrictors, such as a ?oW Washer or 
a metering pin, to control ?oW rates over limited ranges of 
pressures. HoWever, ?oW restrictors do nothing to account 
for temperature and viscosity variations in the ?uid. Still 
other prior art devices have incorporated a microprocessor to 
measure ?oW rates and adjust ?oW rates at predetermined 
intervals to maintain a desired proportional ?oW. These 
systems attempt to maintain proportional ?oW rates by 
measuring and comparing the pressures and velocities of the 
various ?oW lines, and use that data to control pumps, 
valves, or other system components to maintain proportional 
?oWs. Unfortunately, such systems are complex, requiring 
multiple valves, meters, piping, and pumps to measure 
particular properties of each ?oW line at various points in 
order to calculate the proportional ?oW rates. Such compo 
nents further increase the disturbance in the ?oW lines and 
are prone to damage in systems pumping corrosive chemi 
cals. 

For example, US. Pat. No. 5,490,726 to Davis et al. 
discloses a device for controlling the relative ratio of resin 
to catalyst by adjusting the catalyst (secondary ?uid) pres 
sure as a function of the pressure at Which the resin (primary 
?uid) is supplied to dispensers, and by adjusting the duty 
cycle of a catalyst valve Within the catalyst ?oW path. 
US. Pat. No. 5,360,320 to Jameson et al. discloses a 

proportional pumping system for supplying tWo solvents 
into a mixer. Pressures are measured in each ?uid conduit to 
generate ?rst and second signals that are proportional to 
those pressures. Those signals are then compared to the 
programmed pressure to give an error signal Which in turn 
is multiplied by concentration signals from a programmer to 
control each pumping rate. 
US. Pat. No. 5,143,257 to Austin et al. discloses a system 

for proportional ?uid dispensing comprising a solenoid 
operated pump Which discharges controlled amounts of 
secondary liquid into a main ?oW. A ?oW meter sends a 
signal relating to the main ?oW rate. An optical pressure 
sensor sends a signal shoWing the static pressure of the main 
?oW. Logic circuits combine the ?oW rate/pressure signals 
for varying pump operation to maintain the appropriate ratio 
by controlling the primary ?oW rate. 
US. Pat. No. 5,092,739 to Gill discloses an electronic 

control for a pump comprising input means Which receives 
signals/values for quantities that determine the ?oW rate to 
be supplied by a pump. The device has an electronic memory 
Which holds preset values for those quantities and contains 
stored control signals corresponding to the desired ?oW rate. 
The device has output means Which supply the appropriate 
control signal to a pump. The device input consists of data 
relating to the overall ?uid supply job, and the device output 
consists of the appropriate ?oW rate calculation Which in 
turn generates a pump control signal. 
US. Pat. No. 5,033,644 to Tentler discloses a device for 

dispensing varying viscosity ?uids in proper ratios Whereby 
?oW rates of the ?uids are sensed by ?oWmeters, and a 
pressure-sensing feedback circuit alloWs the proper propor 
tioning of ?oWs. The proportioning of ?uids may be changed 
either by speci?c user action or by programming a neW 
desired ratio. 

It is noteWorthy that the above-referenced patents monitor 
only one or tWo ?uid properties such as pressure, and adjust 
the catalyst ?oW path accordingly based on percentage 
change. For instance, the ’644 patent accounts for variations 
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in the ?oW rate by changes in ?uid parameters, e.g., slip 
(pressure drop) or pressure differentials (increase heads, 
changes in temperature, or in-line restrictions). This is 
inadequate because the secondary ?uid Will correspond to 
the change and either increase or decrease by percentage 
according to preset proportions. Changes to system ?uid 
viscosity are a signi?cant source of error in maintaining a 
proper proportion of ?uids in a ?nal product. Highly viscous 
?uids, such as resins, retain a high dependence on tempera 
ture. Because ordinary mixing and dispensing procedures 
involve numerous sources of temperature change, system 
?uids Which are temperature sensitive Will regularly expe 
rience a change in viscosity. Such a change in viscosity Will 
be accompanied by a change in ?oW rate if the same amount 
of pumping pressure is applied to the ?uid. 

Thus, there remains a need to be able to instantaneously 
modify the system ?oW rates When a change in viscosity is 
realiZed in order to maintain the desired proportions of 
?uids. In addition, the ?oW rate of the secondary ?uid should 
be controlled based on all critical ?uid ?oW properties such 
that a proper proportional ?oW may be maintained betWeen 
any number of various ?uids, and should provide for 
changes in viscosity of a system ?uid. 

The foregoing is particularly true of the Cured In Place 
Pipe (CIPP) industry in Which piping systems are repaired 
through the application of resin compounds to damaged pipe 
surfaces While the pipes remain buried underground. The 
steps of the CIPP process are generally as folloWs: 

Step 1: Resin saturated liner is installed in an existing pipe 
through a manhole or the like. 

Step 2: Water is used to ?ll and invert the liner Within the 
pipe and is continually added to maintain a constant pres 
sure. The Water pressure keeps the liner pressed tightly 
against the Walls of the pipe. 

Step 3: The Water in the pipe is circulated through a heat 
exchanger Where it is heated and returned to the pipe. The 
hot Water cures the thermosetting resin, causing it to harden 
into a structurally sound, jointless pipe-Within-a-pipe. 

Step 4: Water pressure is released and the liner is trimmed 
and cut With a remote control cutting device or man-entry 
techniques. The lined pipe is ready for immediate use With 
no excavation Whatsoever. 

Avariety of resins may be used to repair pipes during the 
above-described CIPP process. The application for impreg 
nation consists mainly of polyesters or vinyl esters and 
utiliZe a thin or less viscous catalyst. A typical ratio of resin 
to catalyst to secondary catalyst or promoter during the CIPP 
process is around 100:1:0.5 by Weight. Other resins, such as 
epoxies, require the use of curing agents Which range from 
loW viscosity to high viscosity. For the application of 
epoxies, ratios of resin to curing agent may range from 2:1 
to 100:4 by Weight. Thus, an epoxy system may have a 
viscous primary ?uid resin and either a slightly viscous 
secondary ?uid curing agent or a highly viscous secondary 
?uid curing agent. The prior art devices have not been able 
to provide a versatile system that could accurately control 
the ?oW characteristics of such systems having numerous 
viscous ?uids. 

These variations betWeen system ?uid viscosities aggra 
vate the problem of dispensing both resin and catalyst 
together While maintaining a precisely prescribed mix ratio 
over a range of temperatures, and over a corresponding 
range of ?uid viscosities. Shell Oil Company has published 
a document entitled “Epon Resin Systems for In-Place Pipe 
Rehabilitation” Which gives an excellent overvieW of the 
CIPP industry, including ?uid characteristics of epoxies and 
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4 
epoxy curing agents, and industry speci?c needs and 
requirements, and a CIPP application neWsletter and charts 
explaining the viscosity/temperature relationship for resins 
used in the CIPP industry. As shoWn in that publication, the 
highly viscous resins used in the CIPP industry shoW a 
logarithmic relationship to temperature, Wherein a small 
reduction in operating temperature beloW 75° F. Will result 
in a large increase in ?uid viscosity. Often in the CIPP 
application, the temperature of the resin during system 
operation is maintained at approximately 70° F. At this 
temperature, any slight change in temperature Will result in 
a large change in ?uid viscosity, and therefore in ?uid ?oW 
rate, thus aggravating the problem of attempting to accu 
rately regulate and control proportional amounts of ?uid 
being dispensed. These variations in ?uid viscosity in turn 
cause variations in the signal outputs of prior viscosity 
sensitive ?oW metering devices, Which likeWise results in a 
correspondingly undesirable error in mixing proportions. 
A particular source of temperature variation exists in the 

form of the shear forces exerted on a ?uid by the pump. The 
shear forces applied to the system ?uid depend on the 
particular pump con?guration and the differential pressure 
applied to the ?uid as it travels through the pump. Shear 
forces are evidenced by the addition of heat to a viscous 
?uid, as heat is generated from frictional forces Within the 
?uid as it escapes its intended ?oW path through the pump 
(i.e., pump slip). The heat transfer causes temperature ?uc 
tuations Which again alter the ?uid viscosity, thus effecting 
the accuracy of ?oW monitoring and control. Unfortunately, 
the prior art devices do not account for these temperature 
and viscosity variations, and are therefore unable to achieve 
the necessary level of accuracy for precise ?uid mixing 
applications. 

Accordingly, it Would be a great advantage to provide a 
proportional ?uid pumping and dispensing system Which 
alloWs the accurate proportional mixing of ?uids having 
differing viscosities regardless of changes in pressure or 
viscosity in the ?uids. It Would be another advantage to 
provide such a system that Would function accurately 
regardless of temperature ?uctuations in the system ?uids 
Which Would in turn effect ?uid viscosities. It Would be 
another advantage to provide such a system Which could be 
readily operated by unskilled personnel Who could input the 
necessary ?uid parameters for any ?uid and operate the 
system Without the need for continual inspection or manual 
adjustment. It Would be yet another advantage to provide 
such a system that is readily adaptable to particular 
applications, alloWing for the mixing of any number of ?uids 
of any viscosity. It Would be yet another advantage to obtain 
large ?oW rates at loW RPM’s that Would lessen shear forces, 
and thus the addition of heat, and product thinning Would be 
minimiZed. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a method and apparatus for intermixing multiple 
?uids of varied viscosities Which provides for accurate 
control of each ?uid at relatively high ?oW rates, maintains 
the pump inlet ?uid characteristics near or at the pump outlet 
?uid characteristics, and Which provides for accurate and 
immediate adjustment of ?oW rates Whenever necessary in 
order to maintain a desired ?nal proportional mix of the 
various ?uids, regardless of ?uctuations in ?uid properties. 

These objectives are accomplished in a method and 
apparatus for combining multiple viscous ?uids to form a 
material formulation. The ?uids are transmitted through 
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separate but related ?oW paths to at least one in-line mixer 
in Which they are combined to form a ?nal product having 
a predetermined mixed formulation. The present invention 
provides for the measuring and dispensing of viscous ?uids 
through a static mixer at a programmable or manually set 
?oW rate by measuring, among other factors, the differential 
pressure and pump outlet ?uid temperature of the primary 
?uid. Preset proportions of all other ?uids to be pumped into 
the system are continuously monitored by a ?oW transmitter 
and a slave controller, or alternatively by a separate micro 
controller. Alternatively, pressure and temperature monitors 
can be used if the other ?uids are viscous or are inclined to 
shear at the pump section. In this case, multiple intercon 
necting microcontrollers are used to monitor and adjust for 
differentials in each of the viscous secondary ?uids in order 
to maintain a precisely accurate mixture. Thus, the output 
from the primary ?oW line microcontroller serves as an input 
signal to the secondary ?uid microcontroller, Which simul 
taneously collects and analyZes all critical ?oW characteris 
tics of the secondary ?oW line to properly proportion the 
?oW through the secondary pump to the ?oW through the 
primary pump. Any number of additional microcontrollers 
are likeWise added to the system to precisely control the mix 
of any number of viscous ?uids. 
When pumping viscous ?uids, shear forces placed on the 

?uid from the pump create a dif?cult situation in attempting 
to monitor and control the ?uid ?oW rates. The extent of the 
shear forces applied to the ?uid are dependent upon the 
pump selection and the differential pressure applied to the 
?uid. Shear forces are evidenced by an addition of heat to the 
viscous ?uid, as heat is generated Within the ?uid as it 
escapes from its intended ?oW path through the pump. These 
shear forces cause temperature ?uctuations Which in turn 
change the ?uid viscosity, likeWise affecting the overall 
accuracy of ?oW monitoring. Ultimately, the less shear that 
is applied to a viscous ?uid, the greater the accuracy that Will 
be achieved in monitoring and adjusting for changing ?oW 
rates in midstream. Thus, the present invention seeks to 
alloW for the pumping, mixing and dispensing of multiple 
viscous ?uids not only at any ?xed ?oW rate, but at any ?oW 
rate required by the operator, including variable ?oW rates 
during system operations. 

The pumps in ?uid mixing systems Will often alloW the 
system ?uid to bypass its intended ?oW path due to the 
particular gear sets used in the pump. The system ?uid acts 
as a lubricant and a sealant betWeen the pump components, 
creating a suction force and a differential pressure. As a 
viscous ?uid experiences this “slip” phenomenon, the ?uid 
experiences shear forces Which result in even greater varia 
tions in ?uid temperatures and viscosities. In fact, any ?uid 
Will shear and bypass the pump gears if the gear rotation is 
sufficiently high, or if insuf?cient head is supplied to the 
pump, and in turn cause pump cavitation. Pump cavitation 
even further complicates the measurement and maintenance 
of an accurate ?oW rate. 

Devices Which have attempted in the past to measure ?uid 
viscosities in ?oWing ?uids have done so using expensive 
equipment and have experienced an associated high main 
tenance cost. These systems have required extra piping, 
valves, and ?oWmeters Which restrict ?uid ?oW, thus adding 
back pressure to the system and increasing Wear and tear on 
the pump components. These complications further add to 
the problem of ?uid slip or bypassing around the pump 
components. The present invention therefore also seeks to 
monitor the viscosity of ?oWing viscous ?uids and adjust the 
?oWs as necessary While avoiding the ?uid slip and back 
pressure problems inherent in the complex prior art devices. 
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6 
To achieve these purposes, the present invention monitors 

variations in ?uid differential pressure at the pump inlet and 
outlet, and temperature at the pump outlet, in order to 
increase the accuracy of monitoring the ?oW across the 
pump. The present invention additionally monitors motor 
RPM’s to determine slip of the pump, Which in turn can add 
to greater shear forces on the ?uid. The present invention 
incorporates a positive displacement pump Which is of the 
class of pumps Which deliver a pulsating or periodic ?oW as 
the pump cavity opens, traps, and then squeeZes the ?uid. A 
positive displacement pump provides a strong advantage of 
alloWing the delivery of any ?uid regardless of viscosity. 
The system of the present invention is monitored by a 

manually programmable microcontroller, and the system 
parameters may be adjusted as needed by inputting critical 
?uid data and pump characteristics into the microcontroller. 
All ?uid properties, including speci?c gravity, temperatures 
and viscosity are assigned designated high and loW points, 
and those values are doWnloaded or manually input into the 
microcontroller. Additionally, pump characteristics includ 
ing pump drive information, motor RPM’s (i.e., nameplate 
motor speed of the pump), poWer line frequency, and the 
drive reduction ratio are also input to the microprocessor, 
enabling the microcontroller to adjust the motor RPM’s by 
means of a variable frequency drive to ensure proper 
throughput as the pump Wears. By analyZing this combina 
tion of measurements, the pumping system can accurately 
monitor the ?oW of any viscous ?uid With greater accuracy 
than the prior art devices. 

In a ?rst embodiment of the invention, the data Which is 
collected from the primary ?oW line is processed by the 
microcontroller Which in turn outputs a signal to a slave 
controller for the motor of a secondary ?uid pump for 
pumping a secondary ?uid Which is not prone to large 
viscosity variations. The microcontroller evaluates and pro 
cesses the data from the primary ?oW line in order to 
calculate the necessary adjustment to the secondary ?oW 
pump Which Will maintain the ?nal product at the desired 
mix ratio. To ensure that the secondary ?oW is maintained at 
the required proportional level to the primary ?oW, a feed 
back circuit operates betWeen the slave controller and a ?oW 
transmitter on the secondary ?uid line. The ?oW transmitter 
may also output a signal to a control panel to shut doWn the 
entire system When no ?uid ?oWs through the secondary line 
for some predetermined period of time. 

Alternatively, if additional viscous ?uids are to be added 
to the system, additional microcontrollers may be used to 
monitor and analyZe ?uid characteristics in those secondary 
viscous lines again to maintain a proper ?oW rate in response 
to changes in both the primary ?oW line and in the secondary 
?uid itself. 

Thus, the proportional pumping system of the present 
invention is able to Withstand process upset and automati 
cally changes the ?oW rates as necessary to maintain pro 
portional ?oW rates Without affecting the ?nal ef?uent 
quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the present 
invention Will become more apparent from the folloWing 
detailed description of the preferred embodiment and certain 
modi?cations thereof When taken together With the accom 
panying draWings in Which: 

FIG. 1 is a schematic block diagram of one embodiment 
of the apparatus of this invention. 

FIG. 2 is a front perspective vieW of the apparatus of the 
invention. 
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FIG. 3 is a front perspective vieW of the control panel of 
the present invention. 

FIG. 4 is a schematic block diagram of a second embodi 
ment of the apparatus of this invention. 

FIG. 5 is a schematic block diagram of a third embodi 
ment of the apparatus of this invention. 

FIG. 6 is a schematic block diagram of a fourth embodi 
ment of the apparatus of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A. System Con?guration 
FIG. 1 is a schematic block diagram of a proportionate 

metering system according to one embodiment of the 
present invention. 

The top portion of the draWing shoWs a viscous resin ?oW 
path including a resin source 1 from Which resin is draWn 
and delivered to an injection port 5. The bottom portion of 
the draWing shoWs a non-viscous catalyst ?oW path includ 
ing a catalyst source 7 from Which catalyst is draWn and 
delivered to the injection port 5 for combining With the resin 
?oW. From the injection port, the combined resin/catalyst 
mixture is delivered to a static miXer (not shoWn), and from 
there to a dispenser for delivery of an active resin mixture. 
The resin source 1 and catalyst source 7 may be any type of 
conventional storage container (e.g., bulk tank, tank Wagon, 
totes and/or drums). 
ShoWn betWeen the resin ?oW path and the catalyst ?oW 

path is a ?oW manager microcontroller 6 Which directs a 
proportional signal to a slave controller 37, Which in turn 
controls a variable frequency drive for the motor of catalyst 
pump 8 in a manner described in detail beloW. 

Also shoWn in the middle portion of the draWing is an air 
?oW path including an air supply 29 Which delivers air 
through ?oW line 31 to pressure regulator 30, and onWard 
through ?oW lines 32 and 33 to electrically operated sole 
noid sWitches 91 and 92, and onWard to the respective 
actuator valves 4 and 9. A presently preferred pressure 
regulator is commercially available from the WilkersonTM 
Corporation, under Model No. R00. Pressure regulator 30 
serves to minimiZe the pressure delivered to electric sole 
noid sWitches 91 and 92 Which selectively open and close 
actuator valves 4 and 9, respectively. Air is thus delivered 
through line 33 to each of the resin ?oW line and the catalyst 
?oW line to operate actuator valves 4 and 9 upon the start of 
resin pumping. Air may alternatively bypass the pressure 
regulator 30 such that air from air supply 29 may be used to 
bloW out eXcess material from the pumping system after the 
pumping and miXing operation has been completed. For this 
purpose, air quick disconnects 900, 910 are provided at the 
resin or other primary ?uid pump inlet, and after the back 
?oW protector but before the catalyst injection port. Bleed or 
drain ports 920, 930, and 940 are also provided at the loWest 
part of the primary ?uid pump, before the actuator valve in 
the primary ?oW line, and after the actuator valve in the 
primary ?oW line. 

In operation, When pump 3 is actuated, resin from the 
resin source 1 is directed through resin supply line 2 to pump 
3. It is important to properly siZe pump 3 for the particular 
industrial application in Which it is to be used. Different 
siZed pumps or pump material (e.g., stainless steel, carbon 
steel, etc.) Will vary in the amount of heat that is added to a 
system ?uid during pumping operations, through the above 
described pump slip phenomenon, through the RPM’s nec 
essary to achieve a desired ?oW rate, and through corrosive 
chemical applications. It is therefore advantageous to select 
a pump for a viscous ?uid of appropriate siZe to minimiZe 
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8 
the RPM’s required to achieve high ?oW rates. A preferred 
pump 3 for viscous resins is commercially available from 
Viking Pump, Inc. of Cedar Falls, IoWa under Model No. 
LS125R. This is an internal gear positive displacement 
pump With B siZe reducer and 10 hp, TEFC 460/3/60 
inverter dry rated motor. Pump 3 is designed to handle from 
60—600 lb/min or from 6—60 gallons/min of resin having a 
viscosity range of from 2,500—10,000 centipoise With a 
discharge pressure of up to 100 psi, ?ooded suction. Resin 
is emitted from pump 3 into resin ?oW line 11 Where it 
passes through actuator valve 4, through back?oW protector 
35, and onWard to injection port 5 Where the resin is injected 
With catalyst. FolloWing the injection of catalyst into the 
resin ?oW line, the miXture proceeds onWard to a static 
miXer (not shoWn). Air supply 29 is electrically connected to 
a solenoid start sWitch on microprocessor 6 for actuation 
thereby so that immediately upon initiating operation of 
pumps 3 and 8, air supply 29 is opened to deliver air through 
pressure regulator 30 and on to solenoid sWitches 91 and 92 
Which deliver air to actuator valve 4 in the resin ?oW path 
and actuator valve 9 in the catalyst ?oW path, respectively. 
Suitable actuator valves are commercially available from 
HoneyWell Inc. of NeW Britain, Conn. under Model No. 
7131T. 

Resin ?oW line 12 is equipped With a back?oW protection 
device 35 betWeen actuator valve 4 and injection port 5 
Which may be any suitable device that Will close the resin 
?oW line When minimal ?uid pressure is applied. For 
eXample, a simple 2 inch carbon steel or stainless steel 
hinged plate 35 may be provided Within the primary ?oW 
line to freely open When pressure is applied from ?uid 
?oWing in its preferred direction (toWard injection port 5), 
and closing When that ?uid pressure is decreased, or When 
a greater pressure is eXerted in the opposite direction. Thus, 
the back?oW protection device 35 prevents back ?oW of 
resin doWnstream from the injection port 5 toWard the 
actuator valve 4, thereby protecting the equipment and 
piping from having cataliZed resin settle and harden on their 
components. 
When pump 3 is actuated, actuator valve 9 in the catalyst 

?oW line is also opened, thus enabling catalyst to ?oW to 
injection port 5. FloW manager microcontroller 6 engages 
catalyst pump 8 upon operation of resin pump 3, draWing 
catalyst from the catalyst source through catalyst ?oW line 
13. Asuitable catalyst pump is commercially available from 
Micropump Washington of Vancouver, Wash. under Model 
No. 5000. This is designed to handle catalyst transfer in a 
?oW range of 2.5—10 lbs/min, With a discharge pressure of 
100 PSIG, 1/2 horsepoWer, 1750 RPM, TEFC motor With 
adjustable variable speed drive. FloW manager microcon 
troller 6 delivers a 4—20 ma output signal to a slave con 
troller 37, Which in response thereto delivers a driving signal 
to pump 8. Catalyst is emitted from pump 8 into catalyst 
?oW line 14 to actuator valve 9, and onWard through ?oW 
line 15 to ?oW meter 10. Line 28 directs an electrical signal 
from ?oW meter 10 to slave controller 37 Which is repre 
sentative of the actual ?oW of catalyst through ?oW meter 
10. Slave controller 37 simultaneously receives a driving 
signal from ?oW manager microcontroller 6 and sends a 
driving signal on the pump 8 to adjust catalyst ?oW as 
necessary to maintain a proper proportion of catalyst ?oW to 
resin ?oW. FloW meter 10 may also direct a signal to control 
panel 38 to provide an indication of a premature termination 
of ?uid ?oW through the secondary catalyst ?oW line for 
some predetermined period of time. When that indication is 
sensed, the ?oW manager microcontroller 6 may either 
automatically shut doWn the entire system or alloW an 
operator to manually do so until the secondary catalyst ?oW 
is restored. 
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Catalyst is then emitted from How meter 10 into ?oW line 
16, past another back?oW protector 35A sized for the 
appropriate line diameter of the secondary ?oW (i.e., 1A1“ in 
the present embodiment), and is directed to injection port 5. 
Injection port 5 preferably comprises a 1A inch stainless steel 
ball valve having a female connector Which receives an 
injection tube. The ball valve is opened and the injection 
tube inserted into the primary ?oW line, With openings in the 
injection tube facing doWnstream in the primary ?oW line. 
The female connector of the injection ball valve is provided 
With a notch Which receives a notched ?ange on the injection 
tube in order to ensure proper alignment of the injection 
holes in the primary ?oW line. FolloWing the injection of 
catalyst into the resin ?oW line, the combined mixture of 
?oWs may continue on to a miXer and dispenser. A variety 
of suitable mixer/dispensers eXist. A static miXing unit has 
advantages over dynamic agitators, and Koch Engineer 
ingTM of Wichita, Kans., carries an ample array of suitable 
static miXers. 
B. How Manager Microcontroller 6 

The resin ?oW path and the catalyst ?oW path are elec 
trically interconnected through ?oW manager microcontrol 
ler 6 and slave controller 37 such that the catalyst pump 8 
How rate is constantly maintained at an appropriate propor 
tional level to that of the resin ?oW rate. Proportional ?oW 
rates are maintained by the How manager microcontroller 6 
throughout system operation. While numerous ?oW manager 
microcontrollers are commercially available, the present 
invention preferably employs a “VIKING FLOW MAN 
AGER®” from Viking Pump, Inc. of Cedar Falls, IoWa, 
Which is the subject of US. Pat. No. 4,965,713 to Hong et 
al. entitled “Terminal Element,” the disclosure of Which is 
incorporated by reference in its entirety herein. FloW man 
ager microcontroller 6 can be con?gured from the front 
panel, the host computer or an IBM-compatible PC. An 
operator sets the parameters (to be described). 

The How manager microcontroller 6 uses an algorithm to 
monitor the operating conditions of resin pump 3, accurately 
calculate the resin ?oW rate, and output a driving signal to 
slave controller 37 to control the speed of catalyst pump 8 
to maintain the desired proportional How of catalyst to the 
current resin ?oW rate. The algorithm is set forth in more 
detail in the speci?cation of the above-referenced ’713 
patent. 

The resin ?oW line and pump 3 are equipped With several 
sensors 18, 19, 20 and 21 Which constantly detect all critical 
resin ?oW line characteristics and forWard these data through 
their respective data lines 23, 24, 25 and 26 to How manager 
microcontroller 6. Sensor 18 measures pump inlet pressure. 
Sensors 20 and 21 measure pump outlet temperature and 
pressure, respectfully. Sensor 19 measures pump 5 rotations 
per minute (RPM’s). Each of these data serve as data inputs 
to the How manager microcontroller, 6. A suitable tempera 
ture sensor 20 is commercially available from MINCO of 
Minneapolis, Minn., as set forth in their published bulletin 
TS-102. Suitable pressure sensors 18, 21 are commercially 
available from Wika Instrument Corporation of 
LaWrenceville, Ga. under Model No. 891.13.520, as 
described in their published document No. APE 81.02. 
Further, suitable Hall-effect motor speed sensors 19 are 
commercially available from Electro-Sensors, Inc. under 
Series DRK. 

With reference to FIG. 1, a ?rst line 23 is electrically 
connected betWeen a resin pump inlet pressure sensor 18 and 
microcontroller 6. Line 23 transmits output representative of 
the actual resin ?oW pressure as it enters pump 3 to micro 
controller 6. A second line 25 is electrically connected 
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betWeen a resin pump outlet temperature sensor 20 and 
microcontroller 6, and a third line 26 is electrically con 
nected betWeen a resin pump outlet pressure sensor 21 and 
microcontroller 6. Lines 25 and 26 similarly transmit out 
puts representative of the actual resin temperature and How 
pressure as it eXits pump 3 to microcontroller 6. A ?fth line 
24 is electrically connected betWeen a resin pump motor 
speed sensor 19 and microcontroller 6 Which transmits an 
output representative of the actual RPM’s of the pump 
motor. Thus, the total data inputs to microcontroller 6 during 
system operation are from resin pump inlet pressure sensor 
18, resin pump outlet temperature sensor 20, resin pump 
outlet pressure sensor 21, and resin pump motor speed 
sensor 19. These data inputs are connected to the appropriate 
(namesake) input terminals of the microcontroller 6 as 
depicted in the published “Viking FloW Manager® ?oW 
control system” brochure at page 4. 

Other critical system data may be manually input to the 
How manager microcontroller 6 through a manual input 
device 36 Which may be any conventional operator keypad 
entry device or personal computer, the Viking FloW Man 
ager® having the built-in capability of interfacing With 
either. This additional system data includes pump and pump 
drive information, comprising pump model designation, 
cycles/revolution of the pump speed sensor, minimum and 
maXimum pump recalibration speeds, nameplate motor 
speed, poWer line frequency, and the drive reduction ratio. 
This information alloWs the microprocessor to calculate the 
pump’s nominal pump speed. Other system data Which is 
manually input to the microprocessor includes the Weights 
and speci?c gravities of the resin, the gain ratio of resin to 
catalyst, alarm points for resin ?oW line temperatures and 
pressures, and differential pressure settings for the resin 
pump. The speci?c ?uid information alloWs the micropro 
cessor to continuously calculate the monitored ?uid’s vis 
cosity based on a temperature/viscosity relationship Which is 
input by the system operator. The operator enters a viscosity 
at a ?rst temperature, and a viscosity at a second tempera 
ture. Thus, the Wide range of viscosities that result from the 
logarithmic relationship betWeen viscosity and temperature 
may be narroWed by de?ning a speci?c operating range of 
temperatures for the monitored ?uid. The microprocessor 
Will continuously monitor ?uid temperature from sensor 20 
and instantaneously calculate ?uid viscosity or speci?c 
gravity in order to properly proportion the secondary ?oW 
rate. 
The processing of this variety of data alloWs for the 

miXing and dispensing of tWo or more ?uids in a prescribed 
miX ratio until a batch or steady state rate is attained, 
regardless of changes in system ?uid characteristics. 

Referring neXt to the catalyst ?oW path depicted at the 
bottom of FIG. 1, a ?fth line 28 is connected betWeen ?oW 
meter 10 and a slave controller 37, Which in turn directs the 
speed of a variable frequency drive for the motor of catalyst 
pump 8. A suitable slave controller is commercially avail 
able from AGG Kent-Taylor Inc. of Rochester, NY. under 
Model “Commander 200“’‘.” Line 28 transmits an output 
representative of the actual How of catalyst from catalyst 
?oW meter 10 to slave controller 37. 
As explained in the speci?cation of US. Pat. No. 4,965, 

713, the inputs to microcontroller 6 are processed in order to 
determine the appropriate output signal to send to catalyst 
pump 8 in order to maintain a proper proportional How of 
catalyst to resin. To this end, microcontroller 6 transmits a 
catalyst pump motor driving signal through line 27a to slave 
controller 37. The input from the microprocessor is received 
as a proportional number. The slave controller simulta 
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neously receives a 4—20 mA signal from ?oW meter 10 
Which is then compared to the microcontroller output, thus 
establishing the proper output to the variable speed drive of 
the motor for pump 8. Through this con?guration, the 
microcontroller output can provide a nearly instantaneous 
signal to pump 8 responsive to a change in the primary ?uid 
conditions, such that a properly proportioned ?oW rate may 
alWays be maintained. 

This system con?guration enables a system operator to 
start a dispensing operation from Zero ?oW rate because 
initiation of pumping resin through pump 3 Will immediately 
initiate catalyst ?oW through pump 8 at the proper propor 
tion to the resin ?oW rate. By simply regulating the primary 
resin ?oW stream and adjusting that primary stream to 
Whatever ?oW is desired by the system operator, the sec 
ondary ?oW of catalyst is instantaneously adjusted so as to 
maintain a properly proportioned ?oW. Further, by analyZing 
all critical primary resin ?oW characteristics, including 
pump inlet and outlet pressures, outlet temperature, pump 
RPM’s, pump characteristics, and primary ?uid 
characteristics, the current system is able to appropriately 
adjust the catalyst ?oW rate to maintain precisely the 
required proportional ?oW of catalyst for changes in ?uid 
temperature, pressures, viscosities, speci?c gravity, and 
even degradation of pump components from normal Wear. 
C. System Calibration 

The Viking FloW Manager® can be activated to initiate a 
system calibration mode Wherein the operator manually 
inputs parameters for the calibration of all sensors. 

In order to achieve system calibration, the system opera 
tor folloWs the steps of: 1) pumping a theoretical amount of 
?uid for a predetermined amount of time, and Weighing the 
accumulated ?uid; 2) comparing the theoretical mass of ?uid 
eXpected With the actual mass of ?uid obtained; 3) adjusting 
the gain of the microcontroller output signal as required; and 
4) repeating the previous three steps until a desired repeat 
ability or acceptable error is obtained. This series of steps is 
used for calibration of each individual ?oW line. 
D. System Operation 

FolloWing system calibration, normal operation may pro 
ceed as folloWs. Pump 3 is initiated to draW resin through 
?oW line 2 and the remainder of the resin ?oW path to 
injection port 5. Pump 8 is simultaneously initiated to draW 
catalyst through ?oW line 13, through the catalyst ?oW path 
to ?oW meter 10, and on to injection port 5 to be combined 
With the resin ?oW. As resin is pumped through pump 3, 
microcontroller 6 collects outlet temperature and differential 
pressure data and motor speed data from resin pump 3. 
These signals are processed through microcontroller 6 to 
produce an essentially real-time signal through line 27a to a 
slave controller 37 and onWard to a variable frequency drive 
for the motor of pump 8, sending catalyst through the 
catalyst ?oW lines to ?oW meter 10. Because the catalyst 
?oW meter is connected through line 28 to slave controller 
37, Which in turn is connected through line 27a to micro 
controller 6, a signal representative of catalyst ?oW there 
through is transmitted to slave controller 37 almost imme 
diately upon actuation of microprocessor 6, resin pump 3 
and catalyst pump 8. This in turn establishes a feedback 
circuit betWeen the slave controller, catalyst pump 8 and 
?oW meter 10 so as to alWays maintain the catalyst ?oW at 
the level that is designated from the microcontroller 6. Thus, 
a precisely accurate, proportional amount of catalyst is 
alloWed to ?oW through the catalyst ?oW lines to injection 
port 5, providing a properly proportioned miXture of ?uids 
from the start of the miXing process. Further, in the same 
manner the system Will continue to adjust the ?oW of 
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catalyst in response to any variation in critical ?uid charac 
teristics in the primary resin ?oW, such that a nearly instan 
taneous automatic adjustment is made to the catalyst ?oW in 
response to adjustments of the primary resin ?oW to main 
tain the ?oWs at the proper proportional levels. 
E. System Portability 
One of the main features of the present invention is its 

compact con?guration Which alloWs it to be easily trans 
ported to the CIPP site or any other ?eld location. In the 
CIPP conteXt, this is important since the piping systems 
must be repaired on-site through the application of resin 
compounds to damaged pipe surfaces While the pipes remain 
buried underground. 

FIG. 2 is a front perspective vieW of the apparatus of the 
invention. All components are mounted on a substantially 
open steel frameWork 100 formed of Welded rectangular 
tubing With reinforcing corner brackets 105. The pump and 
valve components are elevated on a rectangular bed 110 
Which is supported by risers 115. The spaces betWeen 
adjacent risers 115 create openings for receiving the skids of 
a fork lift or other lifting device so as to easily remove the 
entire resin pump and motor assembly from frame 100. 
Castors are included on the supporting legs so that the 
assembly can be Wheeled into position. The castors are 
adjustable to alloW the entire structure to be leveled at a site 
having nonuniform grading. The castors may also be 
removed if needed to loWer the entire structure. Bed 110 can 
be detached from frameWork 100. This Way, the main motor, 
gearbox and pump can be removed from frameWork 100, 
thereby helping to ensure the proper ?ooded suction from 
the source of resin (e.g., bulk tank, tank Wagon, totes and/or 
drums). 
The manual pump controls and primary electrical unit are 

enclosed Within a housing 120 that sits in an alcove atop the 
frameWork 100. Control panel 140 is seated in the same 
alcove atop the frameWork 100 at opening 150. As shoWn in 
the front perspective vieW of the control panel of the present 
invention of FIG. 3, control panel 140 frontally exposes the 
front panel of the ?oW manager microcontroller 6, slave 
controller 37, and catalyst ?oW meter 10. Also housed Within 
control panel 140 are the controls for the electric control 
system, comprising circuit breaker 144, reset control sWitch 
145, stop/pause control sWitch 146, and start control sWitch 
147. A serial input/output port 148 is provided on one side 
of control panel 140 alloWing the electronic control system 
to be remotely operated and monitored through the connec 
tion of an external computer. The control panel may likeWise 
be removed from frameWork 100, alloWing reprogramming 
of the ?oW controller 6 or the like, and ensuring that the 
control panel Will not be damaged by tampering or harsh 
Weather conditions. The control panel is used during the 
system cleaning process or under pumping conditions in 
Which a programmable process is not required. 
F. Addition of Multiple Viscous Fluids 
The above-described embodiment can easily be adapted 

for use as a multiple viscous ?uid metering system simply by 
adding additional ?oW paths and corresponding material 
sources. 

ShoWn in FIG. 4 is a second embodiment of the present 
invention in Which the secondary ?uid comprises a highly 
viscous reactive ?uid. In this case, the secondary ?uid Will 
retain all of the measurement and control problems of the 
primary ?uid, causing greater dif?culty in maintaining a 
proportional ?oW to the primary ?uid. In this embodiment, 
the ABB slave controller is simply replaced by another ?oW 
manager microprocessor 200. How manager microproces 
sor 200 receives the same proportional output signal from 
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microprocessor 6 as Would have gone to the slave controller 
37 for a non-viscous ?uid. Microprocessor 200 also receives 
data from the secondary pump, Which is con?gured With an 
inlet pressure sensor 212, an RPM sensor 215, an outlet 
pressure sensor 213, and an outlet temperature sensor 214. 
While monitoring the ?oW conditions of the secondary ?uid, 
microprocessor 200 sends a 4—20 mA output signal to the 
variable frequency drive of pump 8 through line 220 to 
maintain the secondary ?oW output at the properly propor 
tioned level as designated by primary ?oW manager 6. 
Thereafter, the secondary ?uid continues through the sec 
ondary ?oW actuator valve 9, and onWard through back?oW 
protector 40 and ?oW line 16 to injection port 5 Where it is 
combined With the primary ?oW. 

The present invention is also adaptable to pumping opera 
tions having any number of ?uids. FIG. 5 shoWs another 
embodiment of the invention in Which any number of non 
reactive ?uids may be combined With a primary ?uid. A 
secondary ?oW line comprises a secondary ?oW source 310, 
secondary pump 320, actuator valve 330, and ?oW meter 
340. As in the ?rst embodiment, the secondary ?oW is 
monitored by ?oW meter 340 Which directs a signal through 
line 345 indicative of the actual ?oW of the secondary ?uid 
to slave controller 300. Slave controller 300 also receives an 
output signal from microcontroller 6 through line 305. Slave 
controller 300 then compares the ?oW meter signal With the 
microprocessor output to determine the proper control signal 
to deliver to the variable frequency drive of the motor for 
pump 320 in order to control the ?oW rate of the secondary 
?uid and maintain the ?oW rate at a level that is properly 
proportioned to the primary ?uid ?oW rate. The output from 
microprocessor 6 is simultaneously delivered to tertiary 
slave controller 400, and onWard up to the n"1 slave con 
troller 500. Each slave controller may thus compare the 
driving signal from microprocessor 6 With the actual ?oW in 
its respective ?oW line in order to determine the properly 
proportioned signal to forWard to the variable frequency 
drives for the pump in each line. Each of the non-primary 
?oWs then join together in line 16, from Which they are 
delivered through injection port 5 and combined With the 
primary ?uid source. 

FIG. 6 shoWs yet another embodiment of the invention in 
Which any number of highly reactive or viscous ?oWs are 
proportionately combined. As shoWn in FIG. 6, the output 
from the primary microprocessor 6 is directed to a secondary 
microprocessor 600, Which simultaneously monitors the 
?oW conditions of the secondary ?uid through pump 620. As 
in the second embodiment of the invention, secondary 
microprocessor 600 compares the ?oW characteristics of the 
?uid through pump 620 With the driving signal from micro 
processor 6 in order to determine the appropriate output 
signal to deliver through line 625 to the variable frequency 
drive of pump 620, such that the secondary ?oW is main 
tained at a level that is properly proportioned to the primary 
?oW. Secondary microprocessor 600 also delivers an output 
signal to tertiary microprocessor 700, and onWard to the nth 
?oW line Which includes a slave controller 800. Thus, each 
additional microprocessor receives a properly proportioned 
driving signal from the previous microprocessor, against 
Which it compares the ?oW characteristics of the ?oW 
through its respective pump. Each microprocessor then 
delivers both a properly proportioned driving signal to the 
appropriate pump, and a driving signal to the neXt succeed 
ing microprocessor. Injection ports 5, 740 are provided for 
combining tWo ?oWs at a time, after Which the injected ?uid 
is delivered to miXers 650, 750 and onWard to the neXt 
injection port. The nth ?oW is provided a slave controller 
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800, or alternatively an additional microcontroller, Which 
receives a proportioned driving signal from the previous 
microprocessor through line 705, compares that signal With 
the actual ?oW of the nth ?uid as indicated by ?oW meter 
835, and delivers a properly proportioned driving signal to 
the variable frequency drive of pump 820. The ?nal ?oW is 
then combined With all earlier ?oWs in injection port 840, 
and from there onWard to a ?nal mixer 850. 

Thus, as shoWn in FIGS. 4 through 6, the current system 
is adaptable to any pumping operation such that it can be 
used With any number of ?uids of any viscosity While 
ensuring a precisely accurate miXing ratio of those ?uids. 

Having noW fully set forth the preferred embodiments and 
certain modi?cations of the concept underlying the present 
invention, various other embodiments as Well as certain 
variations and modi?cations of the embodiments herein 
shoWn and described Will obviously occur to those skilled in 
the art upon becoming familiar With said underlying con 
cept. It is to be understood, therefore, that the invention may 
be practiced otherWise than as speci?cally set forth herein. 
What is claimed is: 
1. An apparatus for intermiXing multiple ?uids of varied 

viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture, said apparatus com 
prising: 

a ?rst ?uid source having a ?rst ?uid therein susceptible 
to changes in viscosity; 

a second ?uid source having a second ?uid therein; 
a ?uid combining chamber in ?uid communication With 

each of said ?rst and second ?uid sources for combin 
ing said ?rst and second ?uids in a prescribed propor 
tion; 

a ?rst ?uid ?oW conduit for channeling said ?rst ?uid 
from said ?rst ?uid source to said ?uid combining 
chamber; 

a second ?uid ?oW conduit for channeling said second 
?uid from said second ?uid source to said ?uid com 

bining chamber; 
a ?rst sensor means connected to said ?rst ?uid ?oW 

conduit betWeen said ?rst ?uid source and said com 
bining chamber, said ?rst sensor means continuously 
producing a combination of ?rst signals Which in 
combination are representative of the ?oW rate and 
temperature of said ?rst ?uid; 

a second sensor means connected to said second ?uid ?oW 
conduit betWeen said second ?uid source and said 
combining chamber, said second sensor means continu 
ously producing at least one second signal representa 
tive of the ?oW rate of said second ?uid; 

a ?rst control means having a pre-determined logarithmic 
temperature/viscosity relationship stored therein, said 
?rst control means receiving said combination of ?rst 
signals from said ?rst sensor means, and said ?rst 
control means calculating a viscosity correction and 
generating a ?rst control signal proportioned to the 
viscosity-corrected ?oW rate of said ?rst ?uid in accor 
dance With said prescribed proportion; 

a second control means receiving said at least one second 
signal from said second sensor means, said second 
control means also receiving said ?rst control signal 
from said ?rst control means, said second control 
means comparing said at least one second signal and 
said ?rst control signal and further generating a driving 
signal for regulating ?uid ?oW in said second ?uid ?oW 
conduit, said driving signal being sufficient to maintain 
said second ?uid ?oW in the prescribed relative pro 
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portion to said ?rst ?uid ?oW irrespective of viscosity 
changes in said ?rst ?uid ?oW. 

2. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 1, said ?rst 
control means further comprising a memory, said memory 
having said pre-determined logarithmic temperature/ 
viscosity relationship stored therein. 

3. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 2, said 
apparatus further comprising: 

a ?rst pump on said ?rst ?uid ?oW conduit positioned 
betWeen said ?rst ?uid source and said ?uid combining 
chamber for directing said ?rst ?uid from said ?rst ?uid 
source to said ?uid combining chamber; 

said ?rst sensor means further comprising: 
a pump inlet pressure sensor generating a signal rep 

resentative of the pressure of said ?rst ?uid as it 
enters said ?rst pump; 

a pump outlet pressure sensor generating a signal 
representative of the pressure of said ?rst ?uid as it 
exits said ?rst pump; 

a pump temperature sensor generating a signal repre 
sentative of the temperature of said ?rst ?uid in said 
?rst pump; and 

a motor sensor generating a signal representative of the 
rotational speed of said ?rst pump; 

each of said pump inlet pressure sensor, pump outlet 
pressure sensor, pump temperature sensor, and motor 
sensor being electrically connected to said ?rst control 
means and directing each of their respective signals to 
said ?rst control means, said ?rst control means calcu 
lating the ?oW rate of said ?rst ?uid from the combi 
nation of said respective signals and generating said 
?rst control signal in proportion to said respective 
signals. 

4. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 3, said 
apparatus further comprising: 

a second pump on said second ?uid ?oW conduit posi 
tioned betWeen said second ?uid source and said ?uid 
combining chamber for directing said second ?uid from 
said second ?uid source to said ?uid combining cham 
ber; 

said driving signal from said second control means driv 
ing said second pump to maintain the ?oW rate of said 
second ?uid at the prescribed proportion to the ?oW 
rate of said ?rst ?uid. 

5. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 4, said 
apparatus further comprising: 

a plurality of additional ?uid sources equal to a number n, 
each of said n ?uid sources having a distinct ?uid 

therein; 
a number n of additional ?uid ?oW conduits for channel 

ing said plurality of additional ?uids from said addi 
tional ?uid sources to said ?uid combining chamber; 

an additional sensor means connected to each of said 
additional ?uid ?oW conduits betWeen each of said 
additional ?uid ?oW sources and said combining 
chamber, said additional sensor means continuously 
producing at least one additional signal representative 
of the ?oW rate of said additional ?uid; and 
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a number n of additional control means, each additional 

control means receiving one of said signals represen 
tative of the ?oW rate of each said additional ?uid from 
one of said additional sensor means, said additional 
control means also receiving said ?rst control signal 
from said ?rst control means, said additional control 
means comparing each respective additional signal and 
said ?rst control signal and further generating an addi 
tional driving signal for regulating ?uid ?oW in each 
respective additional ?uid ?oW conduit, said additional 
driving signal being sufficient to maintain said addi 
tional ?uid ?oW in the prescribed relative proportion to 
said ?rst ?uid ?oW irrespective of ?oW rate, viscosity, 
pressure, or temperature changes in said ?rst ?uid ?oW. 

6. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 5, said 
apparatus further comprising: 

an additional pump on each said additional ?uid ?oW 
conduit positioned betWeen said additional ?uid source 
and said ?uid combining chamber for directing each 
said additional ?uid from said additional ?uid source to 
said ?uid combining chamber; 

said driving signal from each said additional control 
means driving said additional pump to maintain the 
?oW rate of said additional ?uid at the prescribed 
proportion to the ?oW rate of said ?rst ?uid. 

7. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
each of said ?uids in a ?nal mixture of claim 3, said second 
?uid being susceptible to changes in viscosity, said appara 
tus further comprising: 

a second pump on said second ?uid ?oW conduit posi 
tioned betWeen said second ?uid source and said ?uid 
combining chamber for directing said second ?uid from 
said second ?uid source to said ?uid combining cham 
ber; 

said second sensor means further comprising: 
a second pump inlet pressure sensor generating a signal 

representative of the pressure of said second ?uid as 
it enters said second pump; 

a second pump outlet pressure sensor generating a 
signal representative of the pressure of said second 
?uid as it exits said second pump; 

a second pump temperature sensor generating a signal 
representative of the temperature of said second ?uid 
in said second pump; and 

a second motor sensor generating a signal representa 
tive of the rotational speed of said second pump; 

each of said second pump inlet pressure sensor, second 
pump outlet pressure sensor, second pump temperature 
sensor, and second motor sensor being electrically 
connected to said second control means and directing 
each of their respective signals to said second control 
means, said second control means calculating the ?oW 
rate of said second ?uid from the combination of said 
respective signals; 

said second control means comparing the ?oW rate of said 
second ?uid and said ?rst control signal, and further 
generating a driving signal for regulating ?uid ?oW in 
said second ?uid ?oW conduit, said driving signal being 
suf?cient to maintain said second ?uid ?oW in the 
prescribed relative proportion to said ?rst ?uid ?oW 
irrespective of ?oW rate, viscosity, pressure, or tem 
perature changes in said ?rst and second ?uid ?oWs. 

8. The apparatus for intermixing multiple ?uids of varied 
viscosities While maintaining a prescribed proportion of 
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each of said ?uids in a ?nal mixture of claim 7, said 
apparatus further comprising: 

a plurality of additional ?uid sources equal to a number n, 
each of said n ?uid sources having a distinct ?uid 
therein being susceptible to changes in viscosity; 

a number n of additional ?uid ?oW conduits for channel 
ing said plurality of additional ?uids from said addi 
tional ?uid sources to said ?uid combining chamber; 

an additional sensor means connected to each of said 
additional ?uid ?oW conduits betWeen each of said 
additional ?uid ?oW sources and said combining 
chamber, each said additional sensor means continu 
ously producing an additional signal representative of 
the ?oW rate of said additional ?uid; 

a number n of additional control means, each additional 
control means receiving one of said additional signals 
representative of the ?oW rate of each said additional 
?uid from one of said additional sensor means; 

an additional pump on each said additional ?uid ?oW 
conduit positioned betWeen said additional ?uid source 
and said ?uid combining chamber for directing said 
additional ?uid from said additional ?uid source to said 
?uid combining chamber; 

each said additional sensor means further comprising: 
an additional pump inlet pressure sensor generating a 

signal representative of the pressure of said addi 
tional ?uid as it enters said additional pump; 

an additional pump outlet pressure sensor generating a 
signal representative of the pressure of said addi 
tional ?uid as it exits said additional pump; 

an additional pump temperature sensor generating a 
signal representative of the temperature of said addi 
tional ?uid in said additional pump; 

an additional motor sensor generating a signal repre 
sentative of the rotational speed of said additional 
Pump; 

each of said additional pump inlet pressure sensor, 
additional pump outlet pressure sensor, additional 
pump temperature sensor, and additional motor sen 
sor being electrically connected to said additional 
control means and directing each of their respective 
signals to said additional control means, said addi 
tional control means calculating the ?oW rate of said 
additional ?uid from the combination of said respec 
tive signals; 

each of said control means being arranged in series; 
each of said additional control means comparing the 
?oW rate of its respective ?uid and the control signal 
from the previous control means in series, and fur 
ther generating a driving signal for regulating ?uid 
?oW in said additional ?uid ?oW conduit, said driv 
ing signal being suf?cient to maintain the respective 
additional ?uid ?oW in the prescribed relative pro 
portion to said ?rst ?uid ?oW irrespective of ?oW 
rate, viscosity, pressure, or temperature changes in 
any of said ?uid ?oWs; 

each of said additional control means excepting the last 
control means in series simultaneously generating a 
supplementary control signal proportioned to the 
?oW rate of the previous ?uid in series in accordance 
With said prescribed proportion, each said supple 
mentary control signal serving as the control signal 
for the next additional control means in series. 

9. An apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
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least one additional ?uid source, said ?rst ?uid having a 
variable ?oW rate caused by variations in the viscosity of 
said ?rst ?uid, the apparatus comprising: 

a ?rst ?oW rate sensor means continuously producing a 
combination of ?rst signals Which in combination are 
representative of the ?oW rate and temperature of said 
?rst ?uid; 

a second ?oW rate sensor means continuously producing 
at least one second signal Which is representative of the 
?oW rate of said second ?uid; 

a ?rst control means receiving said combination of ?rst 
signals from said ?rst ?oW rate sensor means, said ?rst 
control means having a pre-determined logarithmic 
temperature/viscosity relationship stored therein, said 
?rst control means calculating a viscosity correction 
and generating a ?rst control signal proportioned to the 
viscosity-corrected ?oW rate of said ?rst ?uid in accor 
dance With said prescribed proportion; 

a second control means receiving said at least one second 
signal from said second ?oW rate sensor means, said 
second control means also receiving said ?rst control 
signal from said ?rst control means, said second control 
means comparing said second signal and said ?rst 
control signal and further generating a driving signal 
for regulating a ?oW rate of said second ?uid, said 
driving signal being suf?cient to maintain said second 
?uid ?oW in the prescribed relative proportion to said 
?rst ?uid ?oW irrespective of viscosity changes in said 
?rst ?uid ?oW. 

10. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 9, said ?rst control 
means further comprising a memory, said memory having 
said pre-determined logarithmic temperature/viscosity rela 
tionship stored therein. 

11. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 10, said apparatus 
further comprising: 

a ?rst pump in ?uid communication With said ?rst ?uid 
source; 

said ?rst ?oW rate sensor means further comprising: 
a pump inlet pressure sensor generating a signal rep 

resentative of the pressure of said ?rst ?uid as it 
enters said ?rst pump; 

a pump outlet pressure sensor generating a signal 
representative of the pressure of said ?rst ?uid as it 
exits said ?rst pump; 

a pump temperature sensor generating a signal repre 
sentative of the temperature of said ?rst ?uid in said 
?rst pump; and 

a motor sensor generating a signal representative of the 
rotational speed of said ?rst pump; 

each of said pump inlet pressure sensor, pump outlet 
pressure sensor, pump temperature outlet sensor, and 
motor sensor being electrically connected to said ?rst 
control means and directing each of their respective 
signals to said ?rst control means, said ?rst control 
means calculating the ?oW rate of said ?rst ?uid from 
the combination of said respective signals and gener 
ating said ?rst control signal in proportion to said 
respective signals. 

12. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
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to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 11, said apparatus 
further comprising: 

a second pump in ?uid communication With said second 
?uid source; 

said driving signal from said second control means driv 
ing said second pump to maintain the ?oW rate of said 
second ?uid at the prescribed proportion to the ?oW 
rate of said ?rst ?uid. 

13. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 12, said apparatus 
further comprising: 

a plurality of additional ?uid ?oW rate sensor means equal 
to a number n, said plurality of additional ?uid ?oW rate 
sensor means continuously producing at least one addi 
tional signal representative of the ?oW rate of said 
additional ?uid; and 

a number n of additional control means, each additional 
control means receiving one of said signals represen 
tative of the ?oW rate of each said additional ?uid from 
one of said additional sensor means, said additional 
control means also receiving said ?rst control signal 
from said ?rst control means, said additional control 
means comparing each respective additional signal and 
said ?rst control signal and further generating an addi 
tional driving signal for regulating a ?oW rate of each 
respective additional ?uid, said additional driving sig 
nal being suf?cient to maintain said additional ?uid 
?oW in the prescribed relative proportion to said ?rst 
?uid ?oW irrespective of ?oW rate, viscosity, pressure, 
or temperature changes in said ?rst ?uid ?oW. 

14. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 13, said apparatus 
further comprising: 

an additional pump in ?uid communication With each 
additional said ?uid source; 

said driving signal from each said additional control 
means driving said additional pump to maintain the 
?oW rate of said additional ?uid at the prescribed 
proportion to the ?oW rate of said ?rst ?uid. 

15. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 11, said second 
?uid being susceptible to changes in viscosity, said appara 
tus further comprising: 

a second pump in ?uid communication With said second 
?uid source; 

said second sensor means further comprising: 
a second pump inlet pressure sensor generating a signal 

representative of the pressure of said second ?uid as 
it enters said second pump; 

a second pump outlet pressure sensor generating a 
signal representative of the pressure of said second 
?uid as it eXits said second pump; 

a second pump temperature sensor generating a signal 
representative of the temperature of said second ?uid 
in said second pump; and 

a second motor sensor generating a signal representa 
tive of the rotational speed of said second pump; 

each of said second pump inlet pressure sensor, second 
pump outlet pressure sensor, second pump temperature 
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sensor, and second motor sensor being electrically 
connected to said second control means and directing 
each of their respective signals to said second control 
means, said second control means calculating the ?oW 
rate of said second ?uid from the combination of said 
respective signals; 

said second control means comparing the ?oW rate of said 
second ?uid and said ?rst control signal, and further 
generating a driving signal for regulating a ?oW rate of 
said second ?uid, said driving signal being sufficient to 
maintain said second ?uid ?oW in the prescribed rela 
tive proportion to said ?rst ?uid ?oW irrespective of 
?oW rate, viscosity, pressure, or temperature changes in 
said ?rst and second ?uid ?oWs. 

16. The apparatus for maintaining the ?oW rate of a ?rst 
?uid ?oW from a ?rst ?uid source at a prescribed proportion 
to the ?oW rate of at least one additional ?uid ?oW from at 
least one additional ?uid source of claim 15, said apparatus 
further comprising: 

a plurality of additional ?uid ?oW rate sensor means equal 
to a number n, each of said additional ?uids being 
susceptible to changes in viscosity, each said additional 
?uid ?oW rate sensor means continuously producing an 
additional signal representative of the ?oW rate of its 
respective additional ?uid; 

a number n of additional control means, each additional 
control means receiving one of said additional signals 
representative of the ?oW rate of each said additional 
?uid from one of said additional sensor means; 

an additional pump in ?uid communication With each 
additional said ?uid source; 

each said additional sensor means further comprising: 
an additional pump inlet pressure sensor generating a 

signal representative of the pressure of said addi 
tional ?uid as it enters said additional pump; 

an additional pump outlet pressure sensor generating a 
signal representative of the pressure of said addi 
tional ?uid as it eXits said additional pump; 

an additional pump temperature sensor generating a 
signal representative of the temperature of said addi 
tional ?uid in said additional pump; 

an additional motor sensor generating a signal repre 
sentative of the rotational speed of said additional 
Pump; 

each of said additional pump inlet pressure sensor, 
additional pump outlet pressure sensor, additional 
pump temperature sensor, and additional motor sen 
sor being electrically connected to said additional 
control means and directing each of their respective 
signals to said additional control means, said addi 
tional control means calculating the ?oW rate of said 
additional ?uid from the combination of said respec 
tive signals; 

each of said control means being arranged in series; 
each of said additional control means comparing the 
?oW rate of its respective ?uid and the control signal 
from the previous control means in series, and fur 
ther generating a driving signal for regulating a ?oW 
rate of said additional ?uid, said driving signal being 
sufficient to maintain the respective additional ?uid 
?oW in the prescribed relative proportion to said ?rst 
?uid ?oW irrespective of ?oW rate, viscosity, 
pressure, or temperature changes in any of said ?uid 
?oWs; 

each of said additional control means excepting the last 
control means in series simultaneously generating a 
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supplementary control signal proportioned to the 
?oW rate of the previous ?uid in series in accordance 
With said prescribed proportion, each said supple 
mentary control signal serving as the control signal 
for the neXt additional control means in series. 

17. A method for maintaining the ?oW rate of a ?rst ?uid 
?oW from a ?rst ?uid source at a prescribed proportion to the 
?oW rate of a second ?uid ?oW from a second ?uid source 
comprising the steps of: 

measuring an instantaneous differential pressure and tem 
perature of said ?rst ?uid and a motor speed of a ?rst 
pump pumping said ?rst ?uid; 

calculating an instantaneous ?oW rate of said ?rst ?uid 
from said instantaneous differential pressure and tem 
perature of said ?rst ?uid and the motor speed of said 
?rst pump; 

generating a ?rst control signal proportional to said ?rst 
?uid ?oW rate, the proportionality of said ?rst control 
signal to the ?oW rate of said ?rst ?uid being equivalent 
to the prescribed proportion; 

measuring an instantaneous ?oW rate of said second ?uid; 
comparing said ?oW rate of said second ?uid With said 

control signal proportional to said ?rst ?uid ?oW rate; 
and 

generating a driving signal to drive said ?oW of said 
second ?uid at a ?oW rate equivalent to said ?rst control 
signal to maintain said second ?uid ?oW rate at the 
prescribed proportion to said ?rst ?uid ?oW rate. 

18. A method for maintaining the ?oW rate of a ?rst ?uid 
?oW from a ?rst ?uid source at a prescribed proportion to the 
?oW rate of a second ?uid ?oW from a second ?uid source 
comprising the steps of: 
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measuring an instantaneous differential pressure and tem 

perature of said ?rst ?uid and a motor speed of a ?rst 
pump pumping said ?rst ?uid; 

directing a signal representative of said instantaneous 
differential pressure and temperature of said ?rst ?uid 
and the motor speed of said ?rst pump to a ?rst control 
means, and calculating an instantaneous ?oW rate of 
said ?rst ?uid from said instantaneous differential pres 
sure and temperature of said ?rst ?uid and the motor 
speed of said ?rst pump; 

generating a ?rst control signal proportional to said ?rst 
?uid ?oW rate, the proportionality of said ?rst control 
signal to the ?oW rate of said ?rst ?uid being equivalent 
to the prescribed proportion; 

directing said ?rst control signal from said ?rst control 
means to a second control means; 

measuring an instantaneous ?oW rate of said second ?uid; 

directing a signal representative of said instantaneous 
?oW rate of said second ?uid to said second control 

means; 

comparing said signal representative of said instantaneous 
?oW rate of said second ?uid With said ?rst control 
signal; and 

generating a driving signal to drive said ?oW of said 
second ?uid at a ?oW rate equivalent to said ?rst control 
signal to maintain said second ?uid ?oW rate at the 
prescribed proportion to said ?rst ?uid ?oW rate. 


